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[57] ABSTRACT 

A uctwOik system in which administrators of frame relay 
networks can recognize the quality of the ATM network 
suitably and manage the frame relay networks in accordance 
with the quality condition of the ATM network. When a 
frame F is transmitted from a frame relay network FRl at a 
transmitting side to an IWF, a frame header in which a 
transmission number is stored is added to the frame F. Then, 
the frame F is received by a frame relay network FR2 at a 
transmitted side through the IWF and the ATM network. In 
the frame relay network FR2, a difference between the 
transmission number stored in the frame header of the frame 
F and a reception condition variable kept in the frame relay 
network FR2 is calculated, and the difference is stored in a 
quality information collection table as a number of discarded 
frames in the ATM network. 

22 Claims, 22 Drawing Sheets 
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NETWORK SYSTEM AND FRAME RELAY network 2 removes the cell header when the frame is 

SWITCH assembled from the plural ATM cells. Thus, the content of 

the EFCI in the ceU header or that of the FECN in the core 

BACKGROUND OF THE INVENTION header of the frame is set in a core header of a frame which 
1 c- M f u T • ^ ^ transmitted to the frame relay network 2. As the result, the 

1. hield ot the Invention ^^^^^ ^^1^^ network 2 can recognize that the congestion 
The present invention relates to a network system which occurs in the frame relay network 1 or the ATM network 3 

an ATM (Asynchronous Transfer Mode) network is used as based on that the FECN is "1", but can not recognize in 

a relay for plural frame relay networks and to a frame relay which of the frame relay network 1 or the ATM network 3. 

switch comprised in those frame relay networks. As above described, there is a problem that the conven- 

2. Description of the Related Art tional network system can not recognize the quality of the 
Recently, the B-ISDN (Broadband Integrated Service ATM network suitably, therefore, when users of the termi- 

Digital Network) is rapidly introduced as the LAN (Local nals 5, 6 make complaints such as frames are often discarded 

Area Network) is made a high speed and a multimedia. or the throughput can not be raised caused by congestion 
Under this condition, in a data communication network, 15 notification frequent occurrence, administrators for the 

there are many cases that an ATM network is used as a frame relay networks 1,2 can not deal with these complaints 

network relaying plural frame relay networks. FIG. 23 is a suitably, 
schematic diagram illustrating a network which an ATM 

switch is used as a relay for plural frame relay networks. The SUMMARY OF THE INVENTION 
network system is structured based on the ITU-T 20 Accordingly, it is an object of the present invention to 

(International Telecommunication Union- solve the above described problems, and to provides a 

Telecommunication Standardization Sector) recommenda- network system and a frame relay switch, wherein admin- 

tion Q. 922. Respective frame relay networks 1, 2 are istrators for frame relay networks can recognize the quality 

connected with an ATM network 3 through IWFs(InterWork of the ATM network properly and can manage the frame 
Function) 4. The frame relay networks 1, 2 are also con- 25 relay networks in accordance with the ATM network quality 

nected with terminals 5, 6, respectively. condition. 

The IWF 4 is a converter converting a frame used for The present invention introduces the following structure 

transmitting/receiving data in the frame relay networks 1, 2 to solve the above described problems, 

to ATM cells used for transmitting/receiving data in the t^e first aspect of the present invention, a network 

ATM network 3. When the IWF 4 receives a frame from the ^y^^^^ comprising an ATM (Asynchronous Transfer Mode) 

frame relay network lor the frame relay network 2, the IWF network, plural IWFs (InterWork Function) respectively 

4 divides (disassembles) the frame into plural cell data and connected to the ATM network, plural frame relay networks 
adds cell headers thereto, respectively, so as to transmit to respectively connected to the plural IWFs, and plural ter- 
the ATM network 3. Moreover, when the IWF 4 receives j^jnals respectively connected to the plural frame relay 
plural ATM cells enough to disassemble one frame from the networks. Then, each of said plural frame relay networks 
ATM network 3, the IWF 4 removes the cell headers from including addition unit, when a frame is transmitted to one 
the plural ATM cells and assembles the respective ceU data of the plural IWFs, for adding a quahty information header 
so as to assemble the frame, and then transmits the frame to ^^ich quality information of the ATM network is stored 
the frame relay network 1 or the relay network 2 connected ^ frame; reading unit, when a frame is received from one 
with the IWF 4. of the plural IWFs, for reading the quality information from 

In a network like this, when a congestion occurs in the the quality information header of the frame; and, memory 

frame relay networks 1, 2, the FECN (Forward Explicit unit for memorizing the quality information read by the 

Congestion Notification-bit) and the BECN (Backward reading xmit. 

Explicit Congestion Notification-bit) stored in a core header According to the network system of the present invention, 

of the frame are set to "1", whereby it is recognized that the one frame relay network at the frame transmitting side adds 

congestion occurs in the frame relay networks 1, 2. the quality information header in which the ATM network 

Moreover, when a congestion occurs in the ATM network 4, quality informaUon is stored to a frame transmitted from the 

the congestion notification (PT Payload Type (EFCI)) terminal. Then, the frame is received in another frame relay 

stored in a cell header of the ATM cell is set to "1". network at the frame transmitted side through a transmitting 

However, the above-described conventional network sys- side IWF, the ATM network and a transmitted side IWF. At 

tem has the following problems. For instance, as shown in that time, the ATM network quality information is stored in 

FIG. 24, when the terminal 5 transmits plural frames a-d to the quality information header of the header. When the 

the terminal 6 as a transmitted side, a congestion occurs in another frame relay network at the transmitted side receives 
the AFM network 3, and then the frames b, c are discarded 55 a frame, it reads and stores the ATM network quality 

in the ATM network 3, and the frames a, d are transmitted information stored in the quality information header and 

to the terminal 6. In this case, the frame relay network 2 can stores. Therefore, it becomes possible for an administrator 

not recognize that the frames b, c are discarded in the ATM for the frame relay network at the transmitted side to 

network 3 based on the procedure specified in the Q. 922 recognize the quality of the ATM network properly. 
ANNEXA of the ITU-T recommendation. eo In the second aspect of the present invention, the network 

Further, as shown in FIG. 25, in a case that the terminal system in the first aspect further comprises a backup circuit 

5 transmits plural frames a-d to the terminal 6 as a trans- connected to each of the plural frame relay networks; 
mitted side, when a congestion occurs in the frame relay wherein each of said plural frame relay networks further 
networks 1 or the ATM network 3, the FECN in the core comprises backup unit for connecting one of the plural 
header of the frame or the EFCI in the cell header is set to 65 frame relay networks and the backup circuit based on the 
"1" and the congestion is informed to the frame relay quality information memorized in said memory unit, 
network 2. Then, the IWF 4 at the side of the frame relay According to the second aspect, the backup circuit is con- 
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nected to the ATM network based on the ATM quality aspect, it becomes possible for the administrator of the frame 

information in a case such that a congestion occurs, whereby relay network at the frame transmitted frame network to 

a band for frame relay communication can be kept. obtain a number of discarded frames in the ATM network. 

In the third aspect of the present invention, each of said in the sixth aspect of the present invention, each of the 

backup unit disconnects one of the plural frame relay 5 plural IWFs further including; restoration unit for restoring 

networks and the backup circuit based on the quahty infer- ^1,^ ,^^5^,^ f^om the ATM network to one frame; 

mation memonzed in said memory unit. For instance, the ^-^^^^ , congestion notification is stored in 

quality infomation memonzed in said memory unit may be , ^,1, ^,3^^ of one of the plural cells, for storing the 

a number of discarded frames m the ATM network for a congestion notification in the quality information header, 

predetermined penod and said backup unit when the num- 10 Acwrding to the sixth aspect, it becomes possible for the 

ber memorized in said memory unit of the discarded frames administrator of the frame relay network at the frame 

becomes not less than a predetermined threshold may transmitted frame network to recognize the congestion noti- 

connect one of the plural frame relay networks and said j^^^ ^^^^^ ^^^^^^^ ^, transmitted side 

backup circuit (riinth aspect). TTie quality infonnation and thai from the ATM network separately, 

memorized in said memory unit may also be a number of 15 , * c *u _ . r 

congestion notincaUons in the ATM network for a predeter- 1 , , . , /■ • , , . 

. . .J J -J u 1 •* u *u L the plural frame relay networks further includes change unit 

mined penod, and said backup unit, when the number r u • ^. j ^ • j .1. l u r fl . 

. , . . J r * c tor changing the predetermined threshold for a new thresh- 

memonzed in said memory unit of the congestion notinca- which is in utted 
tions becomes not less than a predetermined threshold, may 

connect one of the plural frame relay networks and said 20 '° fourteenth aspect of the present invention, each of 
backup circuit (tenth aspect). Further, the quality infonna- P^^^^^ ^^^^ '^^^V networks is connected to one of the 
tion memorized in said memory unit may be a number of P^"^^! ^^Fs through a channel which plural data links are 
discarded frames in the ATM network for a predetermined s^^' ^^^^^^y information of the ATM network is 
period, and said backup unit, when the number memorized niemorized correspondingly to the plural data links. Accord- 
in said memory unit of the discarded frames becomes less 25 '"^ *° fourteenth aspect, it becomes possible for the 
than a predetermined threshold, may disconnect one of the administrator of the frame, relay network to obtain more 
plural frame relay networks and said backup circuit ^^^ailed ATM network quality information, whereby the 
(eleventh aspect). The quality information memorized in administrator can deal with the ATM network more suitably, 
said memory unit may also be a number of congestion 1° fifteenth aspect, each of the plural frame networks, 
notifications * in the ATM network for a predetermined 30 when the each of the plural frame networks and the backup 
period, and said backup unit, when the number memorized circuit are connected, transmits the frame to the backup 
in said memory unit of the congestion notifications becomes circuit and an IWF connected to the each of the plural frame 
less than a predetermined threshold, may disconnect one of networks. 

the plural frame relay networks and said backup circuit In the sixteenth aspect, each of the plural frame networks, 

(twelfth aspect). 35 when the each of the plural frame networks and the backup 

In the fourth embodiment of the present invention, each of circuit arc connected, stores a discard eligibility indicator 

the plural frame relay networks further includes caution unit indicating that the frame is enable to be discarded in taking 

for outputting a caution message outward based on the priority in the quality information header. According to the 

quality information memorized in said memory unit. sixteenth aspect, the frame which the discard possibility 

According to the fourth aspect, it becomes possible for 40 display is stored is discarded in taking priority, therefore, for 

administrators of the frame relay networks to manage the example, when the frame is discarded in the frame relay 

frame relay networks properly. For instance, the quality network to which the frame is transmitted, it can be avoided 

information memorized in said memory unit may be a that frames are redundantly transmitted via both of the ATM 

number of discarded frames in the ATM network for a network and the backup circuit to the transmitted terminal, 

predetermined period, and said caution unit may start when 45 and it can be prevented to decrease a band in the transmitted 

the number memorized in said memory unit of the discarded frame relay network. 

frames becomes not less than a predetermined threshold Moreover, according to the present invention, a frame 
(seventh aspect). The quality information memorized in said relay switch connected with an ATM (Asynchronous Trans- 
memory unit may be a number of congestion notifications fer Mode) network through an IWF (InterWork Function) 
from the ATM network for a predetermined period, and said 50 and comprised in a frame relay network connected with 
caution unit starts when the number memorized in said plural terminals. The frame relay network comprises: addi- 
memory unit of the congestion notifications becomes not tion unit, when a frame is transmitted to the IWF, for adding 
less than a predetermined threshold (eighth aspect). a quality information header in which a quality information 
In the fifth aspect of the present invention, each of the of the ATM network to the frame; reading unit, when a frame 
plural frame relay networks further including: reception 55 is received from the IWF, for reading the quahty information 
frequency storage unit for memorizing a reception frequency from the quality information header; and, memory unit for 
of frames received from one of the plural IWFs; transmis- memorizing the quality information read by the reading unit, 
sion number storage unit, when the frame is transmitted to BRIEF DESCRIPTION OF THE DRAWINGS 
one of the plural FWFs, for storing a transmission number in 

the quality information header of the frame; and, obtainment 60 ^^^^^ ^^^^^^ advantages of the present invention will 

unit, when the frame is received from one of the plural become apparent during the following discussion conjunc- 

IWFs, for reading the transmission number from the quality ^^^^ accompanying drawings, in which: 

information header and reading the reception frequency of FIG. 1 is a whole structural view of a network system 

the frame from the reception frequency storage unit, and for according to this embodiment; 

obtaining a difference between the transmission number and 65 FIG. 2 is a structural view of a frame; 

the reception frequency of the frame as a number of dis- FIG. 3 is a circuit structural view of the frame relay switch 

carded frames in the ATM network. According to the fifth shown in FIG. 1; 
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FIG. 4 is a block diagram illustrating functions operated between the frame relay network FRl and the frame relay 

by performing a control program in the frame relay switch network FR2. The IWF 21 is a converter for converting the 

shown in FIG. 3; frame F transmitted in the frame relay networks FRl, FR2 

FIG. 5 is a structural view of the backup state manage- ^^^^^ ^ (see FIG. 13) transmitted in the ATM network 20. 

ment table shown in FIG. 4; 5 respective frame relay networks FRl FR2 include 

plural frame relay switches 31 connected through frame 

nG. 6 IS a structural view of the threshold management ^clay circuits. The respective terminals 22a, 22b are sub- 
table shown in FIG. 4; stantially connected with the frame relay switches 31 via the 

FIG. 7 is a structural view of the quality information frame relay circuits included in the respective frame relay 

collection table shown in FIG. 4; networks FRl, FR2. Moreover, the terminal 22^, 22b, when 

FIG. 8 is a structural view of the quahty infonmation data is transmitted to another terminal, generates a frame F 

cumulative table shown in FIG. 4; transmits it to the frame relay networks FRl, FR2. 

HG. 9 is a str^ictural view of the threshold storage table ^ is an explanatory view of a format of the frame F 

shown in FIG 4" generated in the frame relay networks FRl, FR2. In FIG. 2, 

r,j^ . \ . 1 • p ,u u IS the frame F is structured based on the ITU-T (International 

FIG, 10 IS a stmctural view of the continuous nun:aber J^™, „• -. o. jj 

mana ement table shown in FIG 4 Telecommunication Union-Telccommunication Standard- 

^ ' ' ization Sector) recommendation Q. 922. The frame F 

FIG. 11 is a structural view of the frame relay network includes, in order from the head, a frame header between 

number retrieval table shown in FIG. 4; ^^^^^ ^^lay networks (hereinafter called "frame header*', 

FIG. 12 is a circuit structural view of the IWF shown in and corresponding to a quality information header) storage 

FIG. 4; area 26, a core header storage area 27, a data storage area 28, 

FIG. 13 is a structural view of an ATM cell; and a FCS (Frame Check Sequence) storage area 29. 

FIG. 14 is an explanatory view of the frame/ATM cell Further, a head flag 25 and tail flag 26 are added to the head 

conversion by the IWF shown in FIG. 11; ^^d the tail of the frame F, respectively. 

FIG. 15 is a flow chart iUustrating an operational sample 25 1^^^ f^^nie header storage area 26 includes a transmission 

of the network system shown in FIG. 1; number storage area 26^, a congestion information storage 

. . area 26o and an discard inrormation storage area 26c. In the 

HG. 16 IS a flow chart illustrating an operational sample transmission number storage area 26a, ihe transmission 

of the network system shown in HG. 1; ^^^^^ ^^^^ j^^^^ 

F is stored. In the congestion informa- 

HG. 17 is a flow chart iUustrating an operational sample tion storage area 26b, information whether there is a con- 

of the network system shown in FIG. 1; gcstion notification from the ATM network 20 or not is 

FIG. 18 is a flow chart illustrating an operational sample stored. That is, in the congestion information storage area 

of the network system shown in FIG. 1; 26b, "0" is stored when there is no congestion notification 

FIG. 19 Ls a flow chart illustrating an operational sample from the ATM network 20 and "1" is stored when there is a 

of the network system shown in FIG. 1; 35 congestion notification from the ATM network 20. In the 

FIG, 20 is a flow chart illustrating an operational sample discard information storage area 26c, information whether 

of the network system shown in FIG. 1; the frame F is required to be discarded or not is stored. That 

FIG. 21 is a flow chart illustrating an operational sample t*?^ ^"^^'^^ information storage area 26c "0" is stored 

of the network system shown in FIG. 1; ^^en the discard of the frame F is required and 1 is stored 

. « L n • 1 1 40 when the discard 01 the rrame F is not required, 

FIG. 22 IS a flow chart illustrating an operational sample ^ , , ^ ..^ 

f ♦u ♦ , 1, :« r:jn 1. Further, the core header 27 is area for storing the Q. 

of the network system shown in FIG. 1; ^^^^t . w^t /w^ ^ . . ^ • \ 

. , . . . , 922DL, namely, a DLCI (Data Link Connection Identifier) 

u f'' 1''^'"^^'^? ^^^^^^ number, a FECN (Forward Explicit Notification-bit), a 

which a ATM network is used as a relay network; gg^^ (Backward Explicit Notification-bit), a DE (Discard 

FIG. 24 is a view illustrating problems in a conventional EligibHity indicator) and so on are stored. The DLCI number 

network system; and, information to transmit the frame F to a predetermined 

FIG. 25 is a view illustrating problems in a conventional terminal (transmitted terminal) by identifying plural data 

network system, links (logical channels) set on the frame relay circuit 

(physical channel) in this network. That is, peculiar numbers 
50 (DLCI numbers) are given to the plural data links, 
respectively, and the frame F is transmitted through the data 

Detailed explanations will be given of a network system link with the DLCI number corresponding to the DLCI 

and a frame relay switch according to the present invention number stored in itself (the frame F). The FECN is infor- 

based on a preferred embodiment shown in drawings. mation (bit) for informing that a congestion avoidance 

First, an explanation will be given of an outline of the ss procedure is necessary for a transmitted terminal of the 

network system according to this embodiment. FIG. 1 is a frame F. The BECN is information (bit) for informing that 

whole structural view of the network system according to a congestion avoidance procedure is necessary for a trans- 

this embodiment. In the network system shown in FIG. 1, an mitting terminal of the frame F. The FECN and the BECN 

ATM network 20 is connected with two frame relay net- are usually set to "0", and, when a congestion occurs, are 

works FRl, FR2 through IWFs (Inter Work Function) 21 60 changed to "1" in the frame relay network (frame relay 

(21a, 21b), respectively. The frame relay networks FRl, FR2 switch) which the congestion occurs. The DE is information 

are respectively connected with plural frame relay terminals whether the frame F must be discarded in taking priority 

(hereinafter, simply called "terminal") 22a, 22b. Further, the over another frame or not, and when the DE is "1", the frame 

frame relay network FRl and the frame relay network FR2 is discarded in taking priority. 

are connected via an ISDN circuit 34 for backing up the 65 In the data storage area 28, user data of the terminals 22a, 

ATM network 20. The ATM network 20 includes plural 22b or the like are stored. In the FCS storage area 29, 

ATM switches not shown and relays a frame F (see FIG. 2) information for detecting an error of the frame F is stored. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
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Further, the head and tail of the frame F can be recognized 
by the head flag 25 and the tail flag 30. 

Each frame relay network FRl, FR2 includes plural frame 
relay switches 31. Namely, the frame relay network FRl 
includes frame relay switches 31a-31c. TTie frame relay 
network FR2 includes frame relay switches 3ld-3lf. 

FIG. 3 is a sample of a block diagram illustrating a circuit 
structure of one of plural frame relay switch 31 included in 
the respective frame relay networks FRl, FR2. Each frame 
relay switch 31 is provided with a management processor 
unit 32 and a circuit dealing unit 41. 

The management processor unit 32 performs the control 
and the monitor all over the frame relay switch 31, the 
maintenance and management for various data, the 
input/output control for commands and messages, the mak- 
ing and the keeping of connection records and the hke. The 
management processor unit 32 is provided with an active CC 
(Central Controller) 33fl, a spare CC 33b, an active MM 
(Main Memory) 34a connected with the CC 33a via a bus, 
a spare MM 346 connected with the CC 33b via a bus, an 
active CHCs (Channel Controller) 35a, 35fo connected with 
the CC 33a via buses, a spare CHCs 35c, 35d connected with 
the CC 336 via buses, SI As (Serial Interface Adapter) 36a, 
366 and IOC (disk Input Output Controller) 37a, 376 
connected with the CHCs 35a, 35d via buses, respectively, 
a system console 38 connected with the SIA 36a, hard disks 
39 connected with the 10 Cs 37fl, 376, respectively, and a 
MO (Magnetic Optical disk) 40 connected with the IOC 37a. 

The hard disk 39 is a medium storing a control program 
(computer program) for the frame relay switch 31 and data 
to perform the control program. The respective MMs 34a, 
346 are operating areas for the CCs 33a, 336, and when the 
CCs 33a, 336 perform the control program stored in the hard 
disk 39, the control program is loaded to the MMs 34a, 346. 
The CCs 33a, 336 perform the control programs loaded to 
the MMs 34a, 346, respectively, and send commands to the 
respective parts in the frame relay switch 31 to perform the 
operational control for the respective parts. 

The respective CHCs 35a-35 J perform the control of the 
input output channel (physical channel, logical channel) and 
the data transfer control with the MMs 34a, 346 in accor- 
dance with the commands from the respective CCs 33a, 336. 
The lOCs 37a, 376 controls the operations of the hard disks 
39 and the MO 40 in accordance with the commands from 
the respective CCs 33a, 336. The MO 40 functions as an 
external unit of the frame relay switch 31 and performs the 
loading of the initial program, the storing of data stored in 
the hard disk 39. 

The system console 38 is an interface for outputting data 
and the like stored in the hard disks 39 and the MO 40 to the 
outside and for inputting data, commands and so on from the 
outside. 

The circuit dealing unit 41 is a CMU (Communication 
Multiplexer Unit) accepting plural frame relay circuits and 
the plural ISDN circuits 23. The circuit dealing unit 41 is 
provided with MPs (line Management Processor) 42 con- 
nected with the CHCs 356, 35c via buses, respectively, 
plural pairs of LCs (Line Controller) 43a (active), 436 
(spare) connected with the MP 42 via a bus, respectively, and 
plural LSW (Line Switch) 44 connected with the respective 
pairs of the LCs 43a, 436. 

Each LSW 44 accepts plural frame relay circuits and the 
ISDN circuits 23 and receives the frame F transmitted from 
the outside. Each LSW 44 also transmits the frame F to the 
frame relay circuit and/or ISDN circuit 23 corresponding to 
commands from the MP 42. Moreover, the LSW 44 controls 
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logical, electrical and physical interfaces in accordance with 
commands from the MP 42 through the LCs 43a, 436. 

The LCs 43a, 436 perform a frame relay protocol process. 
The LCs 43a, 436, when receive a frame F from one of 

5 LSWs 44, send to the MP 42. The LCs 43a, 436 also send 
the frame F received from the MP 42 to one of the LSWs 44. 
Further, the LCs 43a, 436 is provided with circuit end 
function for making the plural frame relay circuits and the 
ISDN circuits 23 end. 

The MP 42 manages the line setting in the Une dealing 
unit 41. That is, the MP 42 controls the communication 
between the CHCs 356, 35c and the LCs 43a, 436, respec- 
tively. Concretely, one of each pair of the LCs 43a, 436 is 
made in an operating state (active) and the other is made in 
a stopping state (spare). The MP 42, when receives a frame 
F from the active LC 43a, sends the received frame F to the 
active CHC 356. In this way, the frame F is stored in the 
active MM 34a, and then predetermined processes are 
performed for the frame F. On the contrary, the MP 42, when 
receives a frame F from the CHC 356, sends the frame F to 
the active LC 43a. Moreover, the MP 42 sends a transmitting 
command that a frame F is transmitted from which of the 
frame relay circuit and/or the ISDN circuits accepted in each 
LSW 44. The transmitting command is sent to the respective 

^ LSWs 44 through the LC 43a, 436. 

Each frame relay switch 31 strucmred like this performs 
the transmitting/receiving process of the frame F in accor- 
dance with the ITU-T recommendation Q. 922 and the 
ITU-T recommendation Q. 933. Concretely, each frame 
relay switch 31 performs the transmitting/receiving process 
of the frame F between the terminals 22a connected with the 
frame relay network FRl or between the terminals 226 
connected with the frame relay network FR2. Each frame 
relay switch 31 also performs the transmitting/receiving 
process of the frame F from the IWF 21a or the IWF 216 to 
a predetermined terminal 21 or terminal 226. Further, the 
frame relay switch 31 performs the transmitting/receiving 
process of the frame F when the frame F is 

^ transmitted/received between the frame relay switch 31 in 
the frame relay network FRl and the frame relay switch 31 
in the frame relay network FR2 through the ISDN circuit 23. 

FIG. 4 is a block diagram illustrating a function that the 
control program stored in the hard disk 39 in the frame relay 

45 switch 31 is loaded to the MM 34a or the MM 346 and runs 
in the CC 33a or the CC 336 (through the MM 34a or the 
MM 346). Concretely, as shown in FIG. 4, the control 
program runs in the CC 33a or the CC 336, whereby a 
backup state management table 47, a threshold management 

5Q table 48, a quality information collection table 49, a quality 
information cumulative table 50, a threshold storage table 
51, a continuous number management table 52 and a frame 
relay network number retrieval table 53 are generated. 
Further, the control program runs in the CC 33a or the CC 

55 336, whereby a frame reception processing part 55, a frame 
transmission processing part 56, a header editing part 57, a 
quality condition analyzing part 58, a backup processing 
part 59, a caution output part 60, a quality infonmation 
storage processing potion 61, a quality information manage - 

60 nient processing potion 62, and a command receiving part 63 
are implemented. 

FIG. 5 is a stmctural view of the backup state manage- 
ment table 47. In FIG. 5, plural pairs of a backup circuit 
number and a backup circuit connection state are stored in 

65 the backup state management table 47. The backup circuit 
number is the number of the ISDN circuit 23 (sec FIG. 1) 
which is a backup circuit. The backup circuit connection 
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State is information whether the connection between the 
ISDN circuit 23 which the backup circuit number is given 
and the frame relay networks FRl, FR2 is completed or not, 
and " 1" is stored when the connection is completed and "0" 
is stored except thai the connection is completed. Further, 
each backup circuit number is stored in relation to a trans- 
mitted frame relay network number (peculiar number set for 
each frame relay network FRl, FR2 and frame relay network 
number connected with the transmitted terminal frame F), 
whereby the backup state management table 47 is retrieved 
by using the frame relay network number as a retrieval key. 

FIG. 6 is a structural view of the threshold management 
table 48. In FIG. 6, plural groups of a first connection 
threshold, a second connection threshold, a first disconnec- 
tion threshold and a second disconnection threshold are 
stored in the threshold management lahle 48. The first and 
second connection thresholds are thresholds to be triggers 
for connecting the frame relay networks FRl, FR2 with the 
ISDN circuit 23 (see FIG. 1). In this network system, when 
the number of discarded frames F in the ATM network 20 
exceeds the first connection threshold for a predetermined 
period, the frame relay networks FRl, FR2 and the ISDN 
circuit 23 are connected. Otherwise, when the number of 
congestion notifications received from the AFM network 20 
exceeds the second connection threshold for a predeter- 
mined period, the frame relay networks FRl, FR2 and the 
ISDN circuit 23 are connected. Further, the first and second 
disconnection thresholds are thresholds to be triggers for 
disconnecting the frame relay networks FRl, FR2 and the 
ISDN circuit 23. In this network system, when the number 
of discarded frames F in the ATM network 20 becomes 
lower than the first disconnection threshold for a predeter- 
mined period and the congestion notifications received from 
the ATM network 20 becomes lower than the second dis- 
connection threshold for a predetermined period, the frame 
relay networks FRl, FR2 and the ISDN circuit 23 are 
disconnected. Each gronp stored in the threshold manage- 
ment table 48 is stored in relation with the transmitted frame 
relay network number, and is retrieved by using the frame 
relay network number as a retrieval key. 

FIG. 7 is a structural view of the quality information 
collection table 49. In FIG, 7, plural pairs of a number of 
ATM network discarded frames and a frequency of ATM 
network congestion notification reception are stored in the 
quality information collection table 49. The a number of 
ATM network discarded frames is a number of frames F 
discarded in the ATM network 20 for a predetermined 
period. The frequency of ATM network congestion notifi- 
cation reception is a number of frames F which congestions 
are informed from the ATM network 20 for a predetermined 
period. Each pair stored in the quality information collection 
table 49 is stored in relation with the transmitted frame relay 
network number and the DLCI number, and is retrieved by 
using the frame relay network number and the DLCI number 
as retrieval keys. 

FIG. 8 is a structural view of the quality information 
cumulative table 50. In FIG. 8, plural pairs of a total of ATM 
network discarded frames and a total of ATM network 
congestion notification reception frequency are stored in the 
quality information collection table 49. The a total of ATM 
network discarded frames is a total of frames F discarded in 
the ATM network 20. The total of ATM network congestion 
notification reception frequency is a total of frames F which 
congestions are informed from the ATM network 20. Each 
pair stored in the quality information cumulative table 50 is 
stored in relation with the transmitted frame relay network 
number and the DLCI number, and is retrieved by using the 
frame relay network number and the DLCI number as 
retrieval keys. 
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FIG. 9 is a structural view of the threshold storage table 
51. In FIG. 9, plural pairs of a discard frequent occurrence 
threshold and a reception frequent occurrence threshold are 
stored in the threshold storage table 51. The discard frequent 
occurrence threshold is a threshold which it is regarded that 
discard processes of frames F occur frequently in the ATM 
network 20 for a predetermined period. In this network 
system, when a number of discarded frames F in the ATM 
network 20 for the predetermined period exceeds the discard 
frequent occurrence threshold, the caution output part 60 
(see FIG. 4) starts to output a caution message. The receiv- 
ing frequent occurrence threshold is a threshold which it is 
regarded that frames F, which congestions are informed 
from the ATM network 20, occur frequently for a predeter- 
mined period. In this network system, when a number of 
frames F, which congestions are informed from the AFM 
network 20 to the frame relay switch 31 for the predeter- 
mined period, exceeds the receiving frequent occurrence 
threshold, the caution output part 60 outputs a caution 
message. Each pair stored in the threshold storage table 51 
is stored in relation with the transmitted frame relay network 
number and the DLCI number, and is retrieved by using the 
frame relay network number and the DLCI number as 
retrieval keys. 

FIG. 10 is a structural view of the continuous number 
management table 52. In FIG. 10, plural pairs of a trans- 
mitting status variable and a receiving status variable are 
stored in the continuous number management table 52. The 
transmitting status variable is a transmission number stored 
in the frame header storage area 26 (see FIG. 2) of the latest 
frame F transmitted from the frame relay switch 31 to the 
IWF 21. The receiving status variable is a reception number 
stored in the frame header storage area 26 of the latest frame 
F received by the frame relay switch 31 from the IWF 21. 
Each pair stored in the continuous number management 
table 52 is stored in relation with the transmitted frame relay 
network number and the DLCI number, and is retrieved by 
using the frame relay network number and the DLCI number 
as retrieval keys. 

FIG. 11 is a structural view of the frame relay network 
number retrieval table 53. In FIG. 11, plural frame relay 
network number are stored in the frame relay network 
number retrieval table 53. Each frame relay network number 
is a frame relay network number (transmitted frame relay 
network number) corresponding to a DLCI number between 
the frame relay network FRl, FR2 and each IWF 21, and can 
be retrieved by the DLCI number. 

The frame transmission processing part 56 shown in FIG. 
4 starts to perform the following processes, when a frame F 
is transmitted from the frame relay switch 31 to the IWF 21 
and/or the ISDN circuit 23. That is, the frame transmission 
processing part 56 takes the DLCI number out from the core 
header storage area 27 (see FIG. 2) of a frame F to be 
transmitted. The frame transmission processing part 56 
retrieves the frame relay network number retrieval table 53 
(see FIG. 1) and detects the transmitted frame network 
number. The frame transmission processing part 56 retrieves 
the backup status management table 47 (see FIG. 5) by using 
a transmitted frame number as a retrieval key and detects a 
connection status of the ISDN circuit 23 corresponding to 
the transmitted frame number. Then, the frame transmission 
processing part 56 determines whether the connections 
between the ISDN circuit 23 and the frame relay networks 
FRl, FR2 are completed or not. At that time, when the frame 
transmission processing part 56 determines that the connec- 
tions between the ISDN circuit 23 and the frame relay 
networks FRl, FR2 are completed, a control signal for 
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transmitting a frame F to the IWF 21 and the ISDN circuit 20 (a number of discarded frames) by using the obtained 
23 is transmitted to the CHCs 35a, 35fc or the CHCs 35c, 35d transmission number and the receiving status variable. The 
and the circuit dealing unit 41. With this arrangement, the quality information storage processing part 61 retrieves the 
frame F is transmitted to the IWF 21 and the ISDN circuit quality information collection table 49 (see FIG. 7), adds the 
23 via a suitable circuit (physical channel, logical channel). 5 obtained number of the discarded frames to the number of 
On the contrary, when the frame transmission processing the ATM network discarded frames corresponding to the 
part 56 determines that the connection between the frame frame relay network number and the DLCI number of the 
relay networks FRl, FR2 and the ISDN circuit 23 is in a frame F. Moreover, the quality information storage process- 
state except for completion, a control signal for transmitting ing part 61 determines whether "1" is stored in the conges- 
a frame F to the IWF 21 is transmitted to the CHCs 35fl, 3Sb tion information storage area 26b of the frame F or not. At 
or the CHCs 35c, 3Sd and the circuit dealing unit 41. that time, the quality information storage processing part 61, 
Additionally, the frame transmission processing part 56, when "1" is stored in the congestion information storage 
before transmitting the above described control signal to the area 26fc, retrieves the quality information collection table 
CHCs 35fl, 35b or the CHCs 35c, 3Sd and the circuit dealing 49, and adds 1 to the ATM network congestion notification 
unit 41, infonns the header editing part 57 of the transmitted ^5 reception frequency corresponding to the frame relay net- 
frame F, the transmitted frame relay number and the DLCI work number and the DLCi of the frame F. 
number and makes the header editing part 57 start. Then, the The quality condition analyzing part 58 is set so as to start 
frame transmission processing part 56, after finishing the periodically, and performs the following process. That is, the 
process by the header editing part 57, transmits the above quality condition analyzing part 58, every transmitted frame 
described control signal to the circuit dealing unit 41 and the 20 relay network and DLCI (data link), detects a number of 
like. ATM network discarded frames and a frequency of ATM 
The header editing part 57 starts by receiving a notifica- network congestion notification reception, which the num- 
tion from the frame transmission processing part 56, and ber and the frequency are stored in the quality information 
performs the following process. That is, the header editing collection table 49 (see FIG. 7), and adds the number of 
part 57 gives a frame header in front of the core header 27 25 ^TM network discarded frames and the frequency of ATM 
(see FIG. 2) of the frame F. At that time, the header editing network congestion notification reception to a correspond- 
part 57 detects a transmitting status variable corresponding ing total of ATM network discarded frames and a corre- 
to the transmitted frame relay network number and the DLCI spending total of ATM network congestion notification 
number, and stores a value which 1 is added to the variable reception in the quality information cumulative table 50 (see 
in the transmission number storage area 26a as a transmis- 30 FIG. 8), respectively. 

sion number. The header editing part 57 also stores the same The quality condition analyzing part 58, every transmitted 

number stored in the transmission number storage area 26a frame relay network and DLCI (data link), also detects the 

in the continuous number management table 52 as the number of ATM network discarded frames, which the num- 

transmitting status variable. The header editing part 57 also ber is stored in the quality information collection table 49 

sets "0" to the congestion information storage area 26b. 35 (see FIG. 7), and detects the discard frequent occurrence 

Moreover, the header editing part 57 detects a backup threshold corresponding to the number of ATM network 

connection status similarly to the frame transmission pro- discarded frames in the threshold storage table 51 (see FIG. 

cessing part 56. At that time, when a detected result shows 9). Then, the quality condition analyzing part 58 compares 

that the backup circuit connection is completed, "1" is set in the number of AIM network discarded frames and the 

the discard information storage area 26c of the frame header, 40 discard frequent occurrence threshold, and, when the num- 

and when the backup circuit connection is not completed, ber of ATM network discarded frames is over the discard 

"0" is set in the discard information storage area 26c. frequent occurrence threshold, infonns that effect, the trans- 

The frame reception processing part 55 starts by receiving mitted frame relay network number and the DLCI number of 

a frame F in the frame relay switch 31 from the IWF 21, and the caution output part 60 so as to make the caution output 

performs the following process. That is, the frame reception 45 part 60 start. 

processing part 55 determines whether the frame F is _Th£j 3iialit Y_condition an alyzing part 58^ every transmitted 

received from the IWF 21 or not, and gives a starting frame relay ^ne twork and DLCI (data hnk) , also detects the 

command to the quality information storage processing part frequency 0 1 "^TM network con^SUon^n^ ^cA LLon 

61 when the frame is received from the IWF 21. The frame re cep tion,/^^icir|^^^ requ enc y^Js^s tor e d i iL-tb e ^qu al ity 

reception processing part 55 also determines whether "1" is 50 inforrnauon ccHlection^Sble 4j^ nd^etects the discard 

stored in the discard information storage area 26c of the trcquent occurrence inresnola corresponding to the frc- 

frame received in the frame relay switch 31 or not. The que ncy of ATM network congestion notification reception in 

frame reception processing part 55 discards the frame F the threshold storage table 51. Then, the quality condition 

when "1" is stored in the discard information storage area analyzing part 58 compares the frequency of ATM network 

26c. 55 congestion notification reception with the reception frequent 

The quality information storage processing part 61 starts occurrence threshold, and, when the frequency of ATM 

by receiving the frame F from the frame reception process- network congestion notification reception is over the recep- 

ing part 55, and performs the following process. That is, the tion frequent occurrence threshold, informs that effect of the 

quality information storage processing part 61 takes the caution output part 60 so as to make the caution output part 

transmission number stored in the transmission number 60 60 start. 

storage area 26a of the transmitted frame F out. Then, the Thequality condition analyzing part 58, every frame relay 

quality information storage processing part 61 detects a network, also detects a connection status of a backup circuit 

receiving status variable corresponding to the frame relay (ISDN circuit 23), which the connection status is stored in 

network number and the DLCI number of the received frame the backup statxis management table 47 (see FIG. 5), and 

F in the continuous number management table 52 (see FIG. 65 determines whether the connection of the backup circuit is 

10). The quality information storage processing part 61 completed or not. Then, the quality condition analyzing part 

obtains a number of frames F discarded in the ATM network 58, when determining that the connection of the backup 
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circuit is not completed, accumulates the number of ATM circuit 23. Then, the backup processing part 59, when the 

network discarded frames and the frequency of ATM net- connection of the backup circuit is completed, retrieves the 

work congestion notification reception, which the number backup status management table 47 (see FIG. 5) and sets the 

and the frequency are stored in relation to all DLCIs backup connection status stored in relation to the transmitted 
(numbers) set for the transmitted frame relay network. The 5 frame relay network number to "1" showing the connection 

quality condition analyzing part 58 detects the first connec completion of the backup circuit. On the contrary, when the 

tion threshold and the second connection threshold in the backup processing part 59 starts by receiving a backup 

threshold management table 48 (see FIG. 6). The quality disconnection message from the quality condition analyzing 

condition analyzmg part 58 compares the cumulative num- ^ f^^^ disconnection process of the backup 

ber of ATM network discarded frames with the first con- circuit in accordance with the switch procedure of the ISDN 

nection thresho d, and compares the cumulative frequency ^^^^.^ 23. At that time, the backup processing part 59, at the 

of a™ network congestion notification reception with the beginningof the disconnection process of the backup circuit, 

second connectiori threshold. The quality condition analyz- ^^^^.^^^^ ^^^^ ^^^^^^ management table (see FIG. 5) 

ing part 58, when determining that the cuniulative number of backup connection status stored in relation to the 

ATM^network discarded frames IS over the^firs^^^^^ transmitted frame relay network number to "0" showing 

turesiiOiu or tne cumulative uequency oi ^.ivi uetworx j connection completion of the backup circuit, 

congestion notification reception is over the second connec- ^ , . . . 

tion threshold, informs a message for connecting the backup . command receiving part 63 receives vanous opera- 

circuit (backup connection message) of the backup process- !'°"^' maintenance commands for the frame relay switch 31 

♦ cn^ t ™ 1 tu 1 i.,T« ^/cn^*„^ inputted from the system console 38. Then, the command 

ing part 59 so as to make the backup processing part 59 start, on . . . i . . 

rJ, J.,. 1 • . i-D J . • receiving part 63, when a command for changing each 

The quality condition analyzing part 58 determines i, ij » j • *i. t. u . * ui .i. 

, 1, ^. u 1 ■ • 1 * J threshold stored m the threshold management table or the 

whether the connection ot the backup circuit is completed or u u . * ui j »u u u .* j 

, , J ., J .1 f ■ J : J threshold storage table 51 and a new threshold are inputted, 

not with the above descnbed method. When it IS determined * ^ • ^ . • 

, r i_ 1 ' ' 1 X J informs the quality information management processing part 

that the connection ot the backup circuit is completed, the of that effects 
quality condition analyzing part 58 accumulates the numbe r 25 

of ATM network discarded frames and the frcq^^i^ f Th^ ^^^^i^y ^formation management processing part 62 

-■TO^ ni^t^^ congestion notmcatiojiIi^ffiS^^ which the starts by receiving a notification from the command recciv- 

^mlSGgr m^iT^uency are stored in relation to all DLU s P^'^ ^3. The quality information management processing 

(nVTmbers) set correspo^di nd yJo the transmitted 'frl^Srreli' y P^^t 62 newly sets the threshold received from the command 

network in the qudlt v information collection tab le 49. Then, receiving part 63 in a corresponding area of the threshold 

TKT^imTTSJSinB'n analyzing part 58 detecTs"the first management table 48 or the threshold storage table 51. 

disconnection threshold and the second disconnection FIG. 12 is a block diagram showing a circuit structure of 

thresholdin the threshold management table 48 (see FIG. 6). the IWF 12. Two IWFs 21 shown in FIG. 1 are same 

The quality condition analyzing part 58 compares the cumu- structures. Here, an explanation will be given of the IWF 21 
lative number of ATM network discarded frames with the 35 provided between the frame relay network FRl and the ATM 

first disconnection threshold, and compares the cumulative network 20 as a sample. In FIG. 12, the IWF 12 is provided 

frequency of ATM network congestion notification reception with plural interfaces 65, 66, a buffer in which the frame F 

with the second disconnection threshold. The quahty con- and the ATM cell S received via the interfaces 65, 66 are 

dition analyzing part 58, when it is determined that the accumulated, a ROM (Read Only Memory) 68 in which 
cumulative number of ATM network discarded frames is 40 control programs for respective parts in the IWF 21 and data 

lower than the first disconnection threshold and the cumu- are stored, a main memory 69 in which the control programs 

lative frequency of ATM network congestion notification stored in the ROM are loaded, and a CPU 70 performing the 

reception is lower than the second disconnection threshold, control programs loaded in the main memory 69. Moreover, 

informs a message for disconnecting the backup circuit the control programs are performed in the CPU 70, whereby 
(backup disconnection message) of the backup processing 45 the CPU 70 functions as an conversion processing part 71 

part 59 so as 10 make the backup processing pari 59 start. and a header editing part 72. 

The quality condition analyzing part 58 also makes the The interface 65 accepts a circuit for connecting the IWF 

number of ATM network discarded frames and the frc- 21 with the ATM network 20 to transmit ATM cells S to the 

quency of ATM network congestion notification reception ATM network 20 and to receive ATM cells from the ATM 
stored in the quality information collection table 49 zero- 50 network 20. On the other side, the interface 66 accepts a 

clear. frame relay circuit for connecting the IWF 21 with the frame 

The caution output part 60 starts by receiving a notifica- relay network FRl to receive frames F from the frame relay 

tion from the quality condition analyzing part 58. The network FRl and to transmit frames F to the frame relay 

caution output part 60 outputs a caution massage to the network FRl. 

DLCI of the transmitted frame network which is determined S5 The conversion processing part 71 disassembles a frame 

that the number of ATM network discarded frames is over F received from the frame relay network FRl to ATM cells 

the discard frequent occurrence threshold or the frequency S and assembles ATM cells received from the ATM network 

of ATM network congestion notification reception is over 20 to a frame F. The ATM cell S is provided with a cell 

the reception frequent occurrence threshold by the quality header and a data part 76, as shown in the structural view of 
condition analyzing part 58. eo FIG. 13. A FT (Payload Type) displaying an existence of a 

The backup processing part 59 starts by receiving a congestion notification is stored in the cell header 75, and 

backup connection message or a backup disconnection mes- the congestion notification (EFCI) is set in the PT when a 

sage from the quaUty condition analyzing part 58. When the congestion occurs in the ATM network 20. Additionally, the 

backup processing part 59 starts by receiving a backup data part 76 is an area for storing user data, 
connection message from the quality condition analyzing 65 The conversion processing part 71, when the frame F is 

part 58, it performs the connection process of the backup reccivedby the IWF21, divides a part from the frame header 

circuit in accordance with the switch procedure of the ISDN to the data part of the received frame F into plural parts 
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(cells) as shown FIG. 14(a), and adds cell headers 75 to the editing part 57 of the transmitted frame, the transmitted 

respective parts (cell) to produce plural ATM cells S, frame relay number and the DLCl number. With this 

whereby the conversion processing part 71 performs the arrangement, the header editing part 57 starts, 

transmission process from the interface 65 to the ATM xhe header editing part 57 adds the frame header storage 
network 20. 5 ^^ea 26 in front of the core header storage area 27 of the 

On the contrary, the conversion processing part 71, when frame F (see FIG. 2), and makes the respective values in the 

the IWF 21 receives plural ATM cells S enough to form one f^ame header storage area 26 zero-clears <step S105>. 

frame F from the ATM network 20, as shown m FIG. 14(o), -m. u j J-.- . j, . . . • - 

1 J , , 'jj: e \u 1 1 J aWa header editmg part 57 detects a transmission status 
extracts only the data parts 76 irom the plural received AIM ... , ■ , ^ 
cells S, assembles these data parts 76 to form a part from the ^^^'^^ corresponding to the transmitted frame relay net- 
frame header to the data part of the frame F, adds the "^"^''^^ ^^e DLCI number of the frame F m the 
respective flags 25, 30 and the FCS to this part to form a continuous number management table 52 (see FIG. 10) 
frame F completely, and then transmits the frame F from the <step S106>. 

interface 66 to the frame relay network FRl. The header editing part 57 determines whether the trans- 

The header editing part 72 starts when the conversion mission status variable obtained in the step S106 is 65535 

processing part 71 assembles a frame F from nhiral ATM which is the maximiim value of 16 bits or not <step S107>. 

cells S, refers to the FT in the cell header 75 of the ATM cell At that time, when the transmission status variable is 65535, 

S, and stores "1" showing that there is a congestion notifi- the header editing part 57 restores the transmission status 

cation from the ATM network 20 when the PT is set to the variable to 0 <step S108>, and when the transmission status 

EFCI. variable is not 65535, the header editing part 57 adds 1 to the 

An explanation will be given of an operational sample of value obtained in the step S106 of the transmission status 

the network system having the above described structure variable <step S109>. 

with reference to flow charts shown in FIGS. 15-22. The header editing part 57 stores the value obtained in the 

First, an explanation will be given of the operational step S108 or in the step S109 of the transmission status 

sample in a case that a frame F is transmitted from one of the variable in the transmission number storage area 26a of the 

terminals 22a to one of the terminals 22b as a transmitted frame R With this arrangement, the transmission number of 

terminal (namely, in a case that the frame relay network FR2 the frame F is set <step S110>. 

is used as the transmitted frame relay network) with refer- The header editing part 57 stores a value, which is the 

ence to FIGS. 15-17. same value stored in the transmission number storage area 

Assumed thai a frame F transmitted from one of the 26fl in the step SllO, in the continuous number management 
terminals 22a (transmitting terminal) is received by the table 52 as a transmission status variable <step Slll>. 
frame relay network FRl (frame relay switch 31b or frame The header editing part 57, similarly to the frame trans- 
relay switch 31c). In the frame relay network FRl, the frame mission processing part 56 in the step SlOl, detects the 
F is received by the frame relay switch 31a connected with connection status of the backup circuit <slep S112>, and 
the rWF 21a via the frame relay switch 31b or the frame ^5 delermineswhether the connection is completed or not <step 
relay switch 31c. In this frame relay switch 31, the frame S113>. Then, when the determined result in the step S113 is 
transmission processing part 56 starts when the frame F is except for the connection completion of the backup circuit, 
transmitted to the IWF 21, the header editing part 57 advances the operation to the step 

As shown in FIG. 15, first, the frame transmission pro- S115. 

cessing part 56, with the above described method, detects On the contrary, when the determined result in the step 

the connection status of the ISDN circuit 23 (backup circuit) S113 is that the connection of the backup circuit is 

corresponding to the transmitted frame relay network num- completed, the header editing part 57 sets "1" in the discard 

ber (the network number of the frame relay network FR2) information storage area 26c of the frame header <step 

for the frame F to be transmitted <step S101>. S114>. Then, the header editing part 57 informs the frame 

Then, the frame transmission processing part 56 deter- 45 transmission processing part 56 of the effect that the process 

mines whether the connections between the ISDN circuit 23 as to itself is finished. 

to be a backup circuit and the frame relay networks FRl, When the operation in the step 114 is finished, the frame 

FR2 are completed or not <stcp S102>. At that time, when transmission processing part 56 lets the CHCs 35b, 35c and 

the frame transmission processing part 56 determines that the circuit dealing unit 41 have a control signal for trans- 
the connections between the frame relay networks FRl, FR2 50 mitting a frame F to the IWF 21. With this arrangement, the 

and the ISDN circuit 23 are completed, the frame transmis- frame F is transmitted to the IWF 21a <step S115>. When 

sion processing part 56 advances the operation to the step the step S115 is finished, the frame transmission processing 

SI 03. When the frame transmission processing part 56 part 56 stops the operation. 

determines that the connections between the frame relay As shown in FIG. 16, when a frame F is received in the 
networks FRl, FR2 and the ISDN circuit 23 are in a state 55 IWF 21a, the conversion processing part 71 starts <step 

except for completion, the frame transmission processing S116>. The conversion processing part 71 disassembles the 

part 56 advances the operation to the step S104. received frame F to plural ATM cells S <stcp S117>, 

When the operation is advanced to the step SI 03, the transmits each ATM cell to the ATM network 20 <step 

frame transmission processing part 56 lets the CHCs 35a, S118>. 

35b and the circuit dealing unit 41 have a control signal for eo In the ATM network 20, it is determined whether there is 

transmitting a frame F to the ISDN circuit 23. With this a congestion in the ATM network 20 <step S119>, and when 

arrangement, the frame is transmitted to the ISDN circuit there is a congestion, a congestion notification (EFCI) is set 

through a suitable circuit (physical channel, logical into the PT (see BG. 13) in the cell header 75 of each ATM 

channel). Then, the frame transmission processing part 56 cell S <step S120>. Then, the ATM network 20 transmits 
advances the operation to the step S104. 65 each ATM cell S to the IWF 21 connected with the frame 

When the operation is advanced to the step S104, the relay network FR2 based on the contents in the cell header 

frame transmission processing part 56 informs the header 75 <step S121>. 
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Then, when the IWF 21b receives plural ATM cells S 
enough to assemble a frame F, the conversion processing 
part 71 starts and extracts the data part 76 from each ATM 
cell S <step S122>. The conversion processing part 71 
assembles each data part 76 extracted in the step S122 to 
assemble a part from the frame header to the data of the 
frame F <step S123>. Then, the conversion processing part 
71 adds the head flag 25 to the head to be a part of the frame 
F assembled in the step S123 and adds the FCS and the tail 
flag 30 to the tail to be a part of the frame F, whereby a 
complete frame F is assembled <step S124>. 

The conversion processing part 71 informs the header 
editing part 72 of the effect that the frame F is assembled, 
and starts the header editing part 72 thereby <step S125>. 
Then, the header editing part 72 refers the PT stored in the 
ceil header 75 of the ATM ceil <step S126>, and determines 
whether a congestion notification (EFCI) is set in the PT or 
not <step S127>. At that time, when the EFCI is not set in 
the PT, the header editing part 72 advances the operation to 
the step S129. When the EFCI is set in the PT, the header 
editing part 72 stores "1" showing that there is a congestion 
notification in the congestion information storage area 26b 
of the frame F <slep S128>. Incidentally, the header edition 
part 72 performs no mapping of the EFCI to the FECN in the 
core header of the frame F as usual. Therefore, in the frame 
relay network FR2, it becomes possible to separately rec- 
ognize a congestion notification from the frame relay net- 
work FRl and a congestion notification from the ATM 
network 20. Then, the frame F is transmitted to the frame 
relay network FR2 <step S129>, 

In the frame relay network FR2, when the frame F is 
received by the frame relay switch 31 connected with the 
IWF 21, the frame reception processing part 55 starts. As 
shown in FIG. 17, first, the frame reception processing part 
55 determines whether the frame F, which is received, 
(received frame F) is received from the IWF 21 or not <step 
S130>. The frame reception processing part 55, when it is 
determined that the received frame F is received from the 
IWF 21, inputs the received frame F to the quality infor- 
mation storage processing part 61 as a starting command and 
advances the operation to the step S131. On the contrary, the 
frame reception processing part 55, when it is determined 
that the received frame F is not received from the IWF 21, 
advances the operation to the step S144. 

When the operation is advanced to the step S131, the 
quality information storage processing part 61 receives a 
frame F from the frame reception processing part 55 so as to 
start. First, the quality information storage processing part 
61 takes the DLCI number out from the core header of the 
received fi"arae F and detects the transmitted frame relay 
network number in the transmitted frame relay network 
number retrieval table 53 (see FIG. 11) <step S132>. 

The quality information storage processing part 61 takes 
the transmission number stored in the transmitting number 
storage area 26a of the received frame F out. Then, the 
quality information storage processing part 61 detects the 
receiving status variable corresponding to the transmitted 
frame relay network number and the DLCI number of the 
received frame F, which the numbers are obtained in the step 
S132, in the continuous number management table 52 (see 
FIG. 10) <step S133>. 

The quality information storage processing part 61 deter- 
mines whether the transmission number obtained in the step 
S133 is over the receiving status variable obtained in the step 
S133 or not <stcp S134>. The quality information storage 
processing pari 61, when the transmission number is larger 
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than the receiving status variable, obtains a number of ATM 
network discarded frames by using the following 
(expression 1) <step S135>. Then, the operation is advanced 
to the step S137. 

5 

Number of ATM network discarded framcs-Transmission Num- 
ber-Receiving Status Variable- 1 (expression 1) 

On the contrary, the quality information storage process- 
ing part 61, when the transmission number is smaller than 
10 the receiving status variable, obtains a number of ATM 
network discarded frames by using the following 
(expression 2) <step S136>. Then, the operation is advanced 
to the step S137. 

- Numtwr of ATM network discarded framc8»65535-Transmission 

Number+Rcceiving Status Variable (expression 2) 

With the operation in the step S135 or in the S136, a 
number of discarded frames in the ATM network 20 is 
obtained. 

20 Then, the quality information storage processing part 61 
retrieves the quality information collection table 49 (see 
FIG. 7), and adds the number of ATM network discarded 
frames, which the number is obtained in the step 135 or in 
the step 136, to the number of ATM network discarded 

25 frames, which the number is stored in relation to the 
transmitted frame relay network number and the DLCI 
number of the received frame F <step S137>. 

The quality information storage processing part 61 
retrieves the continuous number management table 52, and 

30 stores the transmission number of the received frame F, 
which the transmission number is obtained in the step 133, 
in the storage area of the receiving status variable corre- 
sponding to the transmitted frame relay network number and 
the DLCI number <step S138>. 

35 The quality information storage processing part 61 deter- 
mines whether "1" is stored in the congestion information 
storage area 26b of the received frame F or not <step S139>. 
When "1" is not stored in the congestion information storage 
area 26b, the quality information storage processing part 61 

40 finishes the operation, and shifts to the operation of the step 
S141 by the frame reception processing part 55. When "1" 
is stored in the congestion information storage area 26^?, the 
quality information storage processing part 61 retrieves the 
quality information collection table 49, and adds 1 to a value 

45 of the frequency of ATM network congestion notification 
reception, which the value is stored in relation to the 
transmitted frame relay network number and the DLCI 
number of the received frame F <slep S140>. Then, the 
quality information storage processing part 61 finishes the 

50 operation, and shifts to the operation of the step S141 by the 
frame reception processing part 55. 

When the operation is advanced to the step SI 41, the 
frame reception processing part 55 determines whether "T* 
is stored in the discard information storage area 26c of the 

55 received frame F or not. When "1" is not stored in the 
discard information storage area 26c, the frame reception 
processing part 55 deletes the frame header storage area 26 
of the received frame F <step S142>, and the operation is 
advanced to the step S144. 

60 On the contrary, when "1" is stored in the discard infor- 
mation storage area 26c, the frame reception processing part 
55 discards the received frame F <step S143>. With this 
arrangement, it is prevented that frames F arc transmitted to 
the terminal 22b repeatedly. 

65 When the operation is advanced to the step SI 44, the 
frame reception processing part 55 performs the usual 
reception process for the received frame F. Then, the frame 
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reception processing part 55 stops the operation when the 
operation of the step 144 is finished. 

Then, the frame F is transmitted to another frame relay 
switch 31 through the DLCI corresponding to the DLCI 
number, and finally received by the terminal 22b corre- 
sponding to the transmitting terminal. 

Next, an explanation will be given of the operation in 
which the frame relay networks FRl, FR2 and the ISDN 
circuit 23 (backup circuit) are connected/disconnected as a 
second operational sample of this network system with 
reference to FIGS. 18-21. 

The quality condition analyzing part 58 starts when this 
operation is performed. The quality condition analyzing part 
58, as shown in FIG. 18, makes the transmitted frame 
network number 0 <stcp S301>, and makes the DLCI 
liuiubcr 0 <5tep S302>. Tden, the quality condition analyz- 
ing part 58 sets the transmitted frame network number and 
the DLCI number obtained in the steps S301 and S302 as 
retrieval keys. The quality condition analyzing part 58 
makes the values of work areas al, a2, bl and b2 (not 
shown) set in the MMs Ma, 34fr for its own process 
zero-clear <step S303>. 

The quahty condition analyzing part 58 retrieves the 
quality information collection table 49 (see FIG. 7) by using 
the retrieval keys set in the steps S301 and S302, detects the 
number of ATM network discarded frames, which the num- 
ber is stored correspondingly to the retrieval key, and then 
sets the number in the work area al <step S304>. 

The quality condition analyzing part 58 retrieves the 
quality information cumulative table 50 (see FIG. 8) by 
using the above mentioned retrieval keys, and adds the 
number of ATM network discarded frames, which the num- 
ber is obtained in the step S304, to the total of ATM network 
discarded frames, which the total is stored correspondingly 
to the retrieval keys <step S305>. 

The quality condition analyzing part 58 retrieves the 
threshold storage table 51 (see FIG. 9) by using the above 
mentioned retrieval keys, and detects the discard frequent 
occurrence threshold stored correspondingly to the retrieval 
keys <step S306>. 

The quality condition analyzing part 58 determines 
whether the number of ATM network discarded frames, 
which the number is stored in the work area al in the step 
S304, is over the discard frequent occurrence threshold 
obtained in the step S306 or not <step S307>. When the 
number of ATM network discarded frames is over the 
discard frequent occurrence threshold, the quaUty condition 
analyzing part 58 informs the caution output part 60 of the 
effect that many frames are discarded, the transmitted frame 
relay network number and the DLCI number. Then, the 
operation is advanced to the step S308. On the contrary, 
when the number of ATM network discarded frames is 
smaller than the discard frequent occurrence threshold, the 
quality condition analyzing part 58 advances the operation 
to the step S309. 

When the operation is advanced to the step S308, the 
caution output part 60 performs the caution output process. 
Concretely, as shown in FIG. 19, the caution output part 60, 
first, determines whether a notification from the quality 
condition analyzing part 58 indicates a frame discard fre- 
quent occurrence or not <step S401>. 

When the notification indicates the frame discard frequent 
occurrence, the caution output part 60 outputs a caution 
message, which many frames F are discarded, to the system 
console 38 in the ATM network 20 corresponding to the 
transmitted frame relay network number and the DLCI 
number which are inputted from the quality condition ana- 



10 



15 



20 



25 



35 



40 



45 



50 



55 



65 



lyzing part 58 <step S402>. Then, the operation is returned 
to the step S309 by the quality condition analyzing part 58 
via the step S403. 

When the operation is advanced to the step S3 09, the 
number of ATM network discarded frames, which the num- 
ber is stored in the work area al by the step S304, is added 
to the number of ATM network discarded frames, which the 
number is stored in the work area a2. That is, the accumu- 
lation of the number of ATM network discarded frame, 
which the number is stored in the quality information 
collection table 49, is stored in the work area a2. At the 
current time, since the work area a2 is made zero -clear in the 
step S303, a value that 0 is added to the number of ATM 
network discarded frames, which the number is set in the 
work area al, is set in the work area a2. 

The quality condition analyzing part 58 retrieves the 
quality information collection table 49 by using the above 
mentioned retrieval keys, and detects the frequency of ATM 
network congestion notification reception, which the fre- 
quency corresponds to the retrieval key. Then, the frequency 
of ATM network congestion notification reception is set in 
the work area bl <step S310>. 

The quality condition analyzing part 58 retrieves the 
quality information cumulative table 50 (see FIG. 8) by 
using the above mentioned retrieval keys, and adds the 
frequency of ATM network congestion notification 
reception, which the frequency is obtained in the step S310, 
to the total of ATM network congestion notification 
reception, which the total is stored correspondingly to the 
retrieval key <step S311>. 

The quality condition analyzing part 58 retrieves the 
threshold storage table 51 by using the above mentioned 
retrieval key, and detects the reception frequent occurrence 
threshold stored correspondingly to the retrieval key <step 
S312>. 

The quality condition analyzing part 58 determines 
whether the frequency of ATM network congestion notifi- 
cation reception, which the frequency is set in the work area 
bl in the step S309, is over the reception frequent occur- 
rence threshold obtained in the step S3 12 or not <step 
S313>. When the frequency of ATM congestion notification 
reception is over the reception frequent occurrence 
threshold, the quality condition analyzing part 58 informs 
the caution output part 60 of the status of the congestion 
notification reception frequent occurrence, the transmitted 
frame relay network number and the DLCI number. Then, 
the operation is advanced to the step S3 14. On the contrary, 
when the frequency of ATM congestion notification recep- 
tion is smaller than the reception frequent occurrence 
threshold, the quality condition analyzing part 58 advances 
the operation to the step S315. 

When the operation is advanced to the step S314, the 
caution output part 60 performs the caution output process. 
Concretely, as shown in FIG. 19, the caution output part 60 
determines whether a notification from the quahty condition 
analyzing part 58 indicates the congestion notification recep- 
tion frequent occurrence or not via the step S401 <step 
S403>. At that time, when the notification indicates the 
congestion notification reception frequent occurrence, the 
caution output part 60 outputs a caution message that many 
congestion notifications are received to the system console 
38 from the ATM network 22 corresponding to the trans- 
mitted frame relay network number and the DLCI number 
inputted from the quality condition analyzing part 58 <step 
S404>. Then, when the operation in the step S404 is 
finished, the operation returns to the step S315 by the quality 
condition analyzing part 58. 
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When the operation is advanced to the step S315, the 
frequency of ATM network congestion notification 
reception, which the frequency is stored in the work area bl 
in the step S3 10, is added to the frequency of ATM network 
congestion notification reception, which the frequency is 5 
stored in the work area b2. That is, the accumulation of the 
frequency of ATM network congestion notification 
reception, which the frequency is stored in the quality 
information collection table 49, is set in the work area b2 
every transmitted frame relay network and DLCI number. At 
the current time, since the work area b2 is made zero-clear 
in the step S303, a value that 0 is added to the frequency of 
ATM network congestion notification reception, which the 
frequency is set in the work area bl, is set in the work area 
b2. 

The quality condition analyzing part 58 retrieves the 
quality information collection table 49 by using the above 
mentioned retrieval keys, and makes the number of ATM 
network discarded frames and the frequency of ATM net- 
work congestion notification reception, which the number 
and the frequency are stored correspondingly to the retrieval 20 
keys. At the same time, the set contents in the work areas al, 
bl are made zero-clear <step S316>. 

The quality condition analyzing part 58 adds 1 to the 
DLCI number used as the retrieval key (at the current time, 
the DLCI number becomes 1 from 0) <step S317>. With this 25 
arrangement, the retrieval keys are varied in a manner that 
the transmitted frame relay network number becomes 0 and 
the DLCI number becomes 1. 

The quality condition analyzing part 58 determines 
whether the value, to which 1 is added in the step S317, of 30 
the DLCI number is larger than the maximum value of the 
DLCI number corresponding to the transmitted frame net- 
work number 0 or not <step S318>. At that time, when the 
value of the DLCI number is larger than the maximum value 
of the DLCI number, the quality condition analyzing part 58 35 
advances the operation to the step S319. On the contrary, 
when the value of the DLCI number is smaller than the 
maximum value of the DLCI number, the quality condition 
analyzing part 58 returns the operation to the step S304 and 
repeats the operation from the step S304 to the step S317. 40 
Then, when the operation is finally advanced to the step 
S3 19, the work area a2 is set with the cumulative value of 
the numbers of ATM network discarded frames, which the 
numbers correspond to all DLCI numbers belonging to the 
transmitted frame relay network number 0. The work area b2 45 
is set with the cumulated value of the frequencies of ATM 
network congestion notification reception, which the fre- 
quencies correspond to all DLCI numbers belonging to the 
transmitted frame relay network number 0. 

As shown in FIG, 20, when the operation is advanced to 50 
the step S319, the quality condition analyzing part 58 
retrieves the backup status management table 47 by using 
the transmitted frame relay network number 0 as the 
retrieval key, and detects the backup circuit number and the 
backup circuit connection status corresponding to the 55 
retrieval key. 

The quality condition analyzing part 58 determines 
whether the backup circuit connection status is in the backup 
circuit connection completion or not <step S320>. When the 
backup circuit connection status is in a state except for the 60 
backup circuit connection completion, the quality condition 
analyzing part 58 advances the operation to the step S321. 
When the backup circuit connection status is in the backup 
circuit connection completion, the quality condition analyz- 
ing part 58 advances the operation to the step S324. 65 

When the operation is advanced to the step S321, the 
quality condition analyzing part 58 retrieves the threshold 



management table 48 by using the transmitted frame relay 
network number 0 as the retrieval key, and detects the first 
connection threshold and the second connection threshold 
corresponding to the retrieval key. 

The quality condition analyzing part 58 compares the 
value set in the work area a2 (the cumulative value of the 
numbers of ATM network discarded frames) with the first 
connection threshold, and compares the value set in the work 
area b2 (the cumulative value of the frequencies of ATM 
network congestion notification reception) with the second 
connection threshold. With this arrangement, the quality 
condition analyzing part 58 determines whether one of the 
cumulative values is over the threshold to be compared or 
not <stcp S322>. 

When it is determined that the cumulative value of the 
numbers of ATM network discarded frames is over the first 
connection threshold or the cumulative value of the frequen- 
cies of ATM network congestion reception is over the 
second connection threshold, the quality condition analyzing 
part 58 informs the backup processing part 59 of the backup 
connection message. With this arrangement, the operation is 
advanced to the step S3 23, and the backup process is 
performed by the backup processing part 59. When it is 
determined that no cumulative value is over the threshold to 
be compared, the quality condition analyzing part 58 
advances the operation to the step S326. 

When the operation is advanced to the step S324, the 
quality condition analyzing part 58 retrieves the threshold 
management table 48 by using the transmitted frame relay 
network number 0 as the retrieval key and detects the first 
disconnection threshold and the second disconnection 
threshold corresponding to the retrieval key. 

The quality condition analyzing part 58 compares the 
value set in the work area a2 (the cumulated value of the 
numbers of ATM network discarded frames) with the first 
disconnection threshold, and compares the value set in the 
work area b2 (the cumulated value of the frequencies of 
ATM network congestion notification reception) with the 
second disconnection threshold. With this arrangement, the 
quality condition analyzing part 58 determines whether both 
the cumulated values are lower than the thresholds to be 
compared or not <step S325>. 

When it is determined that the cumulative value of the 
numbers of ATM network discarded frames is lower than the 
first disconnection threshold and the cumulative value of the 
frequencies of ATM network congestion reception is lower 
than the second disconnection threshold, the quality condi- 
tion analyzing part 58 inputs the backup disconnection 
message and the frame relay network number used as the 
retrieval key to the backup processing part 59. With this 
arrangement, the operation is advanced to the step S323, and 
the backup process is performed by the backup processing 
part 59. When it is determined that at least one of the 
cumulative values is not lower than the threshold to be 
compared, the quality condition analyzing part 58 advances 
the operation to the step S326. 

When the operation is advanced to the step S323, the 
backup processing part 59 starts so as to perform the backup 
process shown in FIG. 21. That is, the backup processing 
part 59, first, determines whether the message inputted 
thereto is the backup connection message or not <step 
S501>. At that time, when it is determined that the message 
is the backup connection message, the backup processing 
part 59 advances the operation to the step 8502. When it is 
determined that the message is not the backup connection 
message, the backup processing part 59 advances the opera- 
tion to the step S506. 
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When the operation is advanced to the step S502, the 
backup processing part 59 connects the transmitted franae 
relay network corresponding to the transmitted frame relay 
network number which is inputted and the frame relay 
network belonging to itself by the ISDN circuit 23 in 
accordance with the switch procedure of the ISDN circuit 
23. 

Then, the backup processing part 59 determines whether 
the connection performed in the step S502 is achieved or not 
<stcp S503>. When it is determined that the connection is 
not achieved, the backup processing part 59 returns the 
operation to the step S502 while adjusting the connection 
timing <step S504>. The backup processing pari 59 repeats 
the operation of the step S502 and the step S503 until it 
determined that the backup circuit connection is successes in 
the step S503, When it is determined that the backup circuit 
connection is successes, the backup processing part 59 
advances the operation to the step S504. 

When the operation is advanced to the step S505, the 
backup processing part 59 retrieves the backup status man- 
agement table 47 by using the transmitted frame relay 
network number inputted thereto as the retrieval key, and 
sets the backup circuit connection status, which is stored 
correspondingly to the retrieval key, as the backup circuit 
connection completion. Then, the operation of the backup 
processing part 58 is finished, and the operation is relumed 
to the step S326 by the quality condition analyzing part 58. 

When the operation is advanced to the step 8506, the 
backup processing part 59 determines whether the message 
inputted thereto is the backup disconnection message or not. 
When it is determined that the message is the backup 
disconnection message, the backup processing part 59 
advances the operation to the step 8507. On the contrary, 
when it is determined that the message is not the backup 
disconnection message, the operation of the backup process- 
ing part 58 is finished, and the operation is returned to the 
step S326 by the quality condition analyzing part 58. When 
the operation is advanced to the step S507, the backup 
processing part 59 retrieves the backup status management 
table 47 by using the transmitted frame relay network 40 
number inputted thereto as the retrieval key, and sets the 
backup circuit connection status stored correspondingly to 
the retrieval key in except for the backup circuit connection 
completion. 

The backup processing part 59 disconnects the ISDN 
circuit 23 connecting the transmitted frame relay network 
corresponding to the transmitted frame relay network num- 
ber which is inputted and the frame relay network belonging 
to itself in accordance with the switch procedure of the 
ISDN circuit 23 <step S508>. When the operation in the step 
S508 is finished, the operation of the backup processing part 
59 is finished and the operation is returned to the step 8326 
by the quality condition analyzing part 58. 

When the operation is advanced to the step S326, the 
quality condition analyzing part 58 adds 1 to the transmitted 
frame relay network number used as the retrieval key in the 
steps S3 19, S321 and so on. With this arrangement, the 
retrieval key is varied (at the current time, the transmitted 
frame network number is varied from 0 to 1). 

Then, the quality condition analyzing part 58 determines 
whether the value of the transmitted frame relay network 
number which 1 is added in the step S326 is larger than the 
maximum value of the transmitted frame relay network 
number <step S327>. When the value of the transmitted 
frame relay network number is smaller than the maximum 
value, the quahty condition analyzing part 58 returns the 
operation to the step S302 and repeats the operation from the 
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step 302 to the step 832 6 until the transmitted frame relay 
number is over the maximum value in the step S327. Then, 
when it is determined that the frame relay number is over the 
maximum value, the operation of the quality condition 
analyzing part 58 is finished. 

As above described, in this network system, the backup 
circuit is connected and disconnected periodically every 
transmitted frame relay network, and all storage contents in 
the quality information collection table 49 arc once made 
zero-clear. 

Next, as the third operational sample in this network 
system, an explanation will be given of the operation in a 
case that the contents in the threshold management table 48 
and the threshold storage table 51 of the frame relay switch 
31 arc varied, with reference to FIG. 22. 

The command receiving part 63 in the frame relay switch 
31 is in a stale waiting for a command from the system 
console 38, and performs the command receiving process 
when a command is inputted from the system console 38 
<step S601>. 

Then, the command receiving part 63 determines whether 
the command received in the step S601 is a change com- 
mand for the first and second connection thresholds and/or 
the first and second disconnection thresholds 
(connection/disconnection threshold change command) or 
not <step S602>, When the command is the connection/ 
disconnection threshold change command, the command 
receiving part 63 waits that the changed first and second 
connection thresholds and the changed first and second 
disconnection thresholds (changed connection/ 
disconnection threshold) are inputted from the system con- 
sole 38, and inputs the connection/disconnection threshold 
change command and the changed connection/disconnection 
threshold to the quality information management processing 
part 62. Thereafter, the operation of the command receiving 
part 63 is finished. 

On the contrary, when the command received in the step 
S601 is not the connection/disconnection threshold change 
command, the command receiving part 63 determines 
whether the received command is the change command for 
the discard frequent occurrence threshold and/or the recep- 
tion frequent occurrence threshold (frequent occurrence 
threshold change command) or not <step 8603>. Then, 
when the command is not the frequent occurrence threshold 
change command, the operation is finished. When the com- 
mand is the frequent occurrence threshold change command, 
the command receiving part 63 waits that the change fre- 
quent occurrence threshold is inputted from the system 
console 38. Then, the command receiving part 63 inputs the 
frequent occurrence threshold change command and the 
changed frequent occurrence threshold to the quality infor- 
mation management processing part 62, and stops the opera- 
tion. 

In the step 8604, the quality information management 
processing part 62 starts. The quality information manage- 
ment processing part 62 determines whether the command 
inputted from the command receiving part 63 thereto is the 
connection/disconnection threshold change command or not 
<step S605>. At that time, when the quality information 
management processing part 62 determines that the com- 
mand is the connection/disconnection threshold change 
command, it retrieves the threshold management table 48 
and changes the threshold in the corresponding storage area 
to the changed connection/disconnection threshold inputted 
thereto <step S606>. With this arrangement, the values of 
the first and second connection thresholds and the first and 
second disconnection thresholds are changed. 

When the operation is advanced to the step S607, the 
quality information management processing part 62 deter- 
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mines whether the command inputted thereto is the frequent 
occurrence threshold change command or not. At that time, 
when the quaUty information management processing part 
62 determines that the command is not the frequent occur- 
rence change command, the operation thereof is finished. 5 
When the quality information management processing part 
62 determines that the command is the frequent occurrence 
change command, it retrieves the threshold storage table 51 
and changes the discard frequent occurrence threshold 
and/or the reception frequent occurrence threshold stored in lO 
the corresponding storage area to the change frequent occur- 
rence threshold <step S608>. When the operation in the step 
S608 is finished, the operation of the quality information 
management processing part 62- is finished. With this 
arrangement, the fourth operation in the frame relay switch 15 
3i is finished. 

According to the network system of this embodiment, the 
frame reception part 55 in the frame relay network FRl, FR2 
(frame relay switch 31) calculates a difference between the 
transmission number of the frame header and the receiving 20 
status variable stored in the continuous number management 
table 52, namely, a number of frames F discarded in the 
ATM network 20, and stores it in the quality information 
collection table 49. 

The IWF 21 stores a congestion notification stored in the 25 
cell header 75 of the ATM cell S in the congestion infor- 
mation storage area 26b of the frame header in the frame F, 
and the frame reception processing part 55 in the frame relay 
switch 31 stores the congestion notification. Therefore, it 
becomes possible for administrators of the frame relay 30 
networks FRl, FR2 to recognize the number of discarded 
frames F and the frequency of congestion notification recep- 
tion in the AIM network 20. 

Further, since the nimiber of discarded frames and the 
frequency of congestion notification reception are recog- 35 
nized every frame relay network and every DLCI corre- 
sponding to that network, it becomes possible for the admin- 
istrators of the frame relay networks FRl, FR2 to deal each 
network suitably. 

In the frame relay networks FRl, FR2, the quality con- 40 
dition analyzing part 58 starts periodically, compares the 
number of discarded frames with the discard frequent occur- 
rence threshold, and then outputs the caution message when 
the number of discarded frames is over the discard frequent 
occurrence threshold. The caution message is also outpulted 45 
when the frequency of congestion notification reception 
exceeds the reception frequent occurrence threshold. 
Therefore, it becomes possible for the administrators of the 
frame relay networks FRl, FR2 to recognize the frequent 
occurrence of discarded frames F or congestion notification so 
reception in the ATM network 20. 

The discard frequent occurrence threshold and the recep- 
tion frequent occurrence threshold are set every frame relay 
network FRl, FR2 and every DLCI number corresponding 
to that network. Therefore, a discrimination can be achieved 55 
in accordance with the importance of the transmission path 
(PVC) for a frame F. 

In the frame relay networks FRl, FR2, the quality con- 
dition analyzing part 58 starts periodically, and automati- 
cally connects/disconnects the frame relay networks FRl, 60 
FR2 with the ISDN circuit 23. Therefore, though a conges- 
tion occurs in the ATM network 20, a band can be kept for 
frame relay communication. The frame relay switch 31 can 
also avoid to perform unnecessary process when no backup 
is needed. Additionally, since this network system is struc- 65 
tured in a manner that a frame F is transmitted to the ATM 
network 20 in spite of the state that a backup is used, the 
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number of discarded frames and the frequency of congestion 
notification reception in the ATM network 20 can be recog- 
nized in the transmitted frame relay network. 

Moreover, each threshold set in this embodiment can be 
changed by the command receiving part 63 and the quality 
information management processing part 62, therefore, it 
becomes possible for the administrators of the frame relay 
networks FRl, FR2 to deal with this network system in 
accordance with the condition thereof. Thus, it becomes 
possible to respond requests from users of the terminals lla^ 
22b suitably. 

In this embodiment, the network system is structured in a 
manner that the number of discarded frames and the fre- 
quency of congestion notification reception arc recognized 
in the frame relay networks FRl, FR2, however, a structure 
for recognizing them may be provided in the IWF 21, and 
then they are recognized in the IWF 21. 

In this embodiment, the backup circuit is 
connected/disconnected every frame relay network, 
however, the backup circuit may be connected /disconnected 
every DLCI. Moreover, in this embodiment, two frame relay 
networks are provided, however, more than two frame relay 
networks may be connected with the ATM network through 
IWFs. 

According to the network system and the frame relay 
switch of the present invention, though an ATM switch is 
used as a relay for plural frame relay networks, administra- 
tors of frame relay networks can obtain proper quality 
information of the AFM network. Further, it is possible to 
manage the frame relay networks in accordance with the 
quality information in the ATM network, particularly, since 
the frame relay networks are connected each other through 
the backup circuit in accordance with the backup circuit, a 
band for frame relay communication can be kept. 

This invention being thus described, it will be obvious 
that same may be varied in various ways. Such variations are 
not to be regarded as departure from the spirit and scope of 
the invention, and all such modifications would be obvious 
for one skilled in the art intended to be included within the 
scope of the following claims. 

What is claimed is: 

1. A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quality information 
header in which quality information of the ATM 
network is stored to the frame; 
reading means, when a frame is received from one of 
the plural IWFs, for reading the quality information 
from the quality information header of the frame; 
and, 

memory means for memorizing the quality information 
read by the reading means, 
wherein each of the plural frame relay networks further 
including: 

reception frequency storage means for memorizing a 
reception frequency of frames received from one of the 
plural IWFs; 

transmission number storage means, when the frame is 
transmitted to one of the plural IWFs, for storing a 
transmission number in the quality information header 
of the frame; and, 

obtainmcnt means, when the frame is received from one 
of the plural IWFs, for reading the transmisison number 
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from the quality information header and reading the 
reception frequency of the frame from the reception 
frequency storage means, and for obtaining a difference 
between the transmission number and the reception 
frequency of the frame as a number of discarded frames 
in the ATM network. 

2. A network system according to the claim 1, wherein 
each of the plural frame relay networks is connected to one 
of the plural IWFs through a channel which plural data links 
are set, and the quality information of the ATM network is 
memorized correspondingly to the plural data Hnks. 

3. A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quality information 
header in which quality information of the ATM 
network is stored to the frame; 
reading means, when a frame is received from one of 
the plural IWFs, for reading the quality information 
from the quality information header of the frame; 
and, 

memory means for memorizing the quality information 
read by the reading means, 

wherein each of the plural frame relay networks further 
includes caution means for oulputting a caution mes- 
sage outward based on the quaUly information memo- 
rized in said memory means, and 

the quality information memorized in said memory means 
is a number of discarded frames in the ATM network 
for a predetermined period, and said caution means 
starts when the number memorized in said memory 
means of the discarded frames becomes not less than a 
predetermined threshold. 

4. A network system according to the claims 3, wherein 
each of the plural IWFs including; 

restoration means for restoring plural cells received from 
the ATM network to one frame; and, 

edition means, when a congestion notification is stored in 
a cell header of one of the plural cells, for storing the 
congestion notification in the quality information 
header of the frame restored by the restoration means. 

5. A network system according to claim 3, wherein each 
of the plural frame relay networks further includes change 
means for changing the predetermined threshold for a new 
threshold which is inputted. 

6. A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quality information 
header in which quality information of the ATM 
network is stored to the frame; 
reading means, when a frame is received from one of 
the plural IWFs, for reading the quality information 
from the quality information header of the frame; 
and, 

memory means for memorizing the quality information 
read by the reading means. 
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wherein each of the plural frame relay networks further 
includes caution means for outputting a caution mes- 
sage outward based on the quality information memo- 
rized in said memory means, and 

the quality information memorized in said memory means 
is a number of congestion notifications from the ATM 
network for a predetermined period, and said caution 
means starts when the number memorized in said 
memory means of the congestion notifications becomes 
not less than a predetermined threshold. 

7. A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quality information 
header in which quality information of the ATM 
network is stored to the frame; 
reading means, when a frame is received from one of 
the plural IWFs, for reading the quality information 
from the quality information header of the frame; 
memory means for memorizing the quality information 
read by the reading means; and, 
a backup circuit connected to each of the plural frame 
relay networks; 
wherein each of the plural frame relay networks further 
comprises backup means for connecting one of the 
plural frame relay networks and the backup circuit 
based on the quality information memorized in said 
memory means, and 
the quality information memorized in said memory means 
is a number of discarded frames in the ATM network 
for a predetermined period, and said backup means, 
when the number memorized in said memory means of 
the discarded frames becomes not less than a predeter- 
mined threshold, connects one of the plural frame relay 
networks and said backup circuit. 

8. A network system according to the claim 7, wherein 
each of said backup means disconnects one of the plural 
frame relay networks and the backup circuit based on the 
quality information memorized in said memory means. 

9. A network system according to the claim 7, wherein 
each of the plural frame networks, when the each of the 
plural frame networks and the backup circuit are connected, 
transmits the frame to the backup circuit and an IWF 
connected to the each of the plural frame networks. 

10. A network system according to the claim 9, wherein 
each of the plural frame networks, when the each of the 
plural frame networks and the backup circuit are connected, 
stores a discard eligibility indicator indicating that the frame 
is enable to be discarded in taking priority in the quality 
information header. 

11. A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quality information 
header in which quality information of the ATM 
network is stored to the frame; 
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reading means, when a frame is received from one of 
the plural IWFs, for reading the quality information 
from the quality information header of the frame; 
memory means for memorizing the quality information 

read by the reading means; and, 5 
a backup circuit connected to each of the plural frame 
relay networks; 
wherein each of the plural frame relay networks further 
comprises backup means for connecting one of the 
plural frame relay networks and the backup circuit 
based on the quality information memorized in said 
memory means, and 
the quality information memorized in said memory means 
is a number of congestion notifications in the ATM 
network for a predetermined period, and said backup 
nieans, when the number memorized in said memory 
means of the congestion notifications becomes not less 
than a predetermined threshold, connects one of the 
plural frame relay networks and said backup circuit. 

12. A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quality information 
header in which quality information of the ATM 
network is stored to the frame; ^ 
reading means, when a frame is received from one of 
the plural IWFs, for reading the quality information 
from the quality information header of the frame; 
memory means for memorizing the quality information 

read by the reading means; and, 
a backup circuit connected to each of the plural frame 
relay networks; 
wherein each of the plural frame relay networks further 
comprises backup means for connecting one of the 
plural frame relay networks and the backup circuit ^ 
based on the quality information memorized in said 
memory means, and 
the quality information memorized in said memory means 
is a number of discarded frames in the ATM network 
for a predetermined period, and said backup means, 45 
when the number memorized in said memory means of 
the discarded frames becomes less than a predeter- 
mined threshold, disconnects one of the plural frame 
relay networks and said backup circuit. 

13 . A network system comprising an ATM (Asynchronous 
Transfer Mode) network, plural IWFs (Inter Work Function) 
respectively connected to the ATM network, plural frame 
relay networks respectively connected to the plural IWFs, 
and plural terminals respectively connected to the plural 
frame relay networks; wherein, 

each of said plural frame relay networks including: 
addition means, when a frame is transmitted to one of 
the plural IWFs, for adding a quahty information 
header in which quality information of the ATM 
network is stored to the frame; 5Q 
reading means, when a frame is received from one of the 
plural IWFs, for reading the quality information from 
the quality information header of the frame; 
memory means for memorizing the quality information 
read by the reading means; and, 65 
a backup circuit connected to each of the plural frame 
relay networks; 
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wherein each of the plural frame relay networks further 
comprises backup means for connecting one of the 
plural frame relay networks and the backup circuit 
based on the quality information memorized in said 
memory means, and 

the quality information memorized in said memory means 
is a number of congestion notifications in the ATM 
network for a predetermined period, and said backup 
means, when the number memorized in said memory 
means of the congestion notifications becomes less than 
a predetermined threshold, disconnects one of the plu- 
ral frame relay networks and said backup circuit, 

14. A frame relay switch connected with an ATM 
(Asynchronous Transfer Mode) network through an IWF 
(Inter Work Fiinction) and comprised in a firame relay 
network connected with plural terminals comprising: 

addition means, when a frame is transmitted to the IWF, 
for adding a quality information header in which qual- 
ity information of the ATM network is added to the 
frame; 

reading means, when a frame is received from the IWF, 

for reading the quality information from the quality 

information header; 
memory means for memorizing the quality information 

read by the reading means; 
reception frequency storage means for memorizing a 

reception frequency of frames received from the IWF; 
transmission number storage means, when the frame is 

transmitted to the IWF, for storing a transmission 

number in the quality information header of the frame; 

and, 

obtainment means, when the frame is received from one 
of the plural IWFs, for reading the transmission number 
from the quality information header and reading the 
reception frequency of the frame from the reception 
frequency storage means, and for obtaining a difference 
between the transmission number and the reception 
firequency of the frame as a number of discarded frames 
in the ATM network. 

15. A frame relay switch connected with an ATM 
(Asynchronous Transfer Mode) network through an IWF 
(Inter Work Function) and comprised in a frame relay 
network connected with plural terminals comprising: 

addition means, when a frame is transmitted to the IWF, 
for adding a quality information header in which qual- 
ity information of the ATM network is added to the 
frame; 

reading means, when a frame is received from the IWF, 
for reading the quality information from the quality 
information header; 

memory means for memorizing the quality information 
read by the reading means; and, 

caution means for outputting a caution message outward 
based on the quality information memorized in the 
memory means, 

wherein the quality information memorized in said 
memory means is a number of discarded frames in the 
ATM network for a predetermined period, and said 
caution means starts when the number memorized in 
said memory means of the discarded frames becomes 
not less than a predetermined threshold. 

16. A frame relay switch according to claim 15, further 
comprising: 

change means for changing the predetermined threshold 
for a new threshold which is inputted. 
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17. A frame relay switch according to the claim 15, 
wherein the frame relay switch is connected to the IWF 
through a channel which plural data links are set, and the 
quality information of the ATM network is memorized 
correspondingly to the plural data links in said memory 5 
means. 

18. A frame relay switch connected with an ATM 
(Asynchronous Transfer Mode) network through an IWF 
(Inter Work Function) and comprised in a frame relay 
network connected with plural terminals comprising: lo 

addition means, when a frame is transmitted to the IWF, 
for adding a quality information header in which qual- 
ity information of the ATM network is added to the 
frame; 

reading means, when a frame is received from the IWF. 
for reading the quality information from the quality 
information header; 

memory means for memorizing the quality information 
read by the reading means; and, ^ 

caution means for outputting a caution message outward 
based on the quality information memorized in the 
memory means, 

wherein the quality information memorized in said 
memory means is a number of congestion notifications 25 
from the ATM network for a predetermined period, and 
said caution means starts when the number memorized 
in said memory means of the congestion notifications 
becomes not less than a predetermined threshold. 

19. A frame relay switch according to the claim 18, 30 
wherein the frame is transmitted to the backup circuit and 
the IWF when the data communication is performed by 
using the backup circuit, 

20. A frame relay switch according to the claim 19, 
wherein a discard eligibility indicator indicating that the 35 
frame is enable to be discarded in taking priority is stored in 
the quality information header when the data communica- 
tion is performed by using the backup circuit. 

21. A frame relay switch connected with an ATM 
(Asynchronous Transfer Mode) network through an IWF 40 
(Inter Work Function) and comprised in a frame relay 
network connected with plural terminals comprising: 

addition means, when a frame is transmitted to the IWF, 
for adding a quality information header in which qual- 
ity information of the ATM network is added to the 
frame; 



reading means, when a frame is received from the IWF, 
for reading the quality information from the quality 
information header; 

memory means for memorizing the quality information 
read by the eading means; and, 

caution means for outputting a caution message outward 
based on the quality information memorized in the 
memory means, 

wherein the quality information memorized in said 
memory means is a number of discarded frames in the 
ATM network for a predetermined period, and said 
backup means, when the number memorized in said 
memory means of the discarded frames becomes not 
less than a predetermined threshold, performs the data 
communication with the another frame relay netwoik 
by the backup circuit. 

22. A frame relay switch connected with an ATM 
(Asynchronous Transfer Mode) network through an IWF 
(Inter Work Function) and comprised in a frame relay 
network connected with plural terminals comprising: 

addition means, when a frame is transmitted to the IWF, 
for adding a quality information header in which qual- 
ity information of the ATM network is added to the 
frame; 

reading means, when a frame is received from the IWF, 
for reading the quality information from the quality 
information header; and, 

memory means for memorizing the quality information 
read by the reading means, 

wherein a backup circuit connected to another frame relay 
network is connected with the frame relay switch, and 
data communication is performed between the frame 
relay switch and the another frame relay switch by the 
backup circuit based on the quality information memo- 
rized in the memory means, and 

the quality information memorized in said memory means 
is a number of congestion notifications in the ATM 
network for a predetermined period, and said backup 
means, when the number memorized in said memory 
means of the congestion notifications becomes not less 
than a predetermined threshold, performs the data com- 
muni cation with the another frame network by the 
backup circuit. 
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